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RESPONSIVENESS OF A SEMI-AUTOMATED NOVEL METHOD OF
MEASURING CARTILAGE LOSS IN KNEE OSTEOARTHRITIS OVER TWO
YEARS USING 3.0T DESS 3D MRI
J. Duryea 1, C. Ratzlaff 1, T. Iranpour-Boroujeni 1, J. Collins 1, E. Losina 1,
C. Vanwynngaarden 2, A. Guermazi 3, J. Katz 1. 1Brigham and Women's
Hosp. / Harvard Med. Sch., Boston, MA, USA; 2 Peace Arch Hosp., White
Rock, BC, Canada; 3Boston Univ. Sch. of Med., Boston, MA, USA
Purpose:Methods to accurately, quickly and inexpensively detect cartilage
loss are critical to facilitate the use of imaging biomarkers in assessment of
OA severity and progression, and are important in large OA trials and
observational research. Our previous research using 3D registration has
shown that limiting cartilagemeasurement to localized regions in the knee
most frequently involved in OA increases responsiveness while decreasing
reading time and expense. However 3D registration involves segmentation
of the entire half plate and selection of an indexed point, requiring
considerable time and expertise. We have now developed a method to
measure cartilage loss in focused regions, determined with respect to a 3D
cylindrical coordinate system (a 3D analogue to the previously reported
Cartesian coordinate system used to measure radiographic location-
speciﬁc joint space width in the knee). The purpose of this abstract was to
validate the responsiveness and efﬁciency of a novel semi-automated
method to detect knee cartilage loss over 2 years in subjects with estab-
lished knee OA.
Methods: Twenty-four subjects from the OAI Progression Cohort (Data Set
0.1.1 and Image Releases 0.B.1 and 1.B.1) were randomly selected. Inclusion
criteriawere a baseline Kellgren-Lawrence (KL) grade of 3. An independent
reader (CR) used the software method to segment the medial compart-
ment of the femur from the baseline and 24-month visits, blinded to order
of visit. Double echo steady state (DESS) 3D sagittal images were obtained
on a 3-T Siemens Trio MR system (0.365 mm x 0.365 mm, 0.7 mm slice
thickness, TR 16.5 ms, TE 4.7 ms).
Analysis. The primary outcome was the change in cartilage volume (DV)
from baseline to follow-up, measured at a ﬁxed point with respect to the
coordinate system. Change was measured for 7 regions of varying surface
area centered on the ﬁxed point. Summary statistics used in analysis were
the average change in cartilage volume from baseline to 24 months (DV),
the standard deviation (SD) of DV, the standardized response mean (SRM)
(average DV /standard deviation of DV), and the percentage of subjects for
which there was a net loss of cartilage.
Results: Results are presented in Table 1. All regions showed a net cartilage
loss from baseline to 24months, averaged over all subjects. Approximately
80% of individual subjects showed a net cartilage loss. The average reading
time was 10.5 minutes per knee (SD 3.4) (25-30 slices).
Conclusions: The results, similar to our previous study involving 3D regis-
tration (but requiring less resources), conﬁrm thatmeasurement of cartilage
loss in a local region is responsive and superior to larger areas and to the total
sub-plate, and that a coordinate system can potentially be used to objec-
tively explore and establish a consistent location at the knee that is most
responsive to change in cartilage volume. This technique has the potential to
provide an objective quantitative measure of cartilage loss rapidly and
accurately - making it feasible, for example, to assess hundreds of knees in
a relatively short period of time. This could substantially reduce study costs
and increase study power for large trials and datasets such as the OAI.Ă437
COMPARISON OF MUSCLE AREA AND STRENGTH BETWEEN OA KNEES
WITH AND WITHOUT STRUCTURAL PROGRESSION - DATA FROM THE
OA INITIATIVE
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Purpose: Quadriceps strength was observed to protect against the
onset of symptomatic knee OA, but whether it protects against struc-
tural progression of knee OA once it is established radiographically, is
currently unclear. The objectives of this study were to determine
whether baseline or two-year changes in anatomical muscle cross
sectional areas (ACSAs) of the quadriceps (heads), hamstrings, and
adductors, and/or muscle strength of the extensor and ﬂexors differ
between OA knees with structural progression (cartilage loss in MRI
and joint space width loss in X-rays) compared with OA knees without
structural progression.
Methods: A subcohort of the OA Initiative was used, for which baseline
and one-year follow up (FU) quantitative MRI analysis on cartilage thick-
ness was available in one knee (n¼719). Of these, n¼561 also had quan-
titative measurement of radiographic joint space width (JSW) at baseline
and at one year follow-up, and central X-ray readings from ﬁxed ﬂexion
radiographs (public-use data sets 0.E.1/3.E.1). From these, we identiﬁed
those with structural progression in the medial femorotibial compartment
according to both MRI and radiographic JSW, using the smallest detectable
change method (n¼46). Of those, we included 41 with KLG2 or 3, of which
n¼23 had axial T1-weighted SE images of the thigh at baseline and 2 year
follow-up as well as muscle strength measurement (Isometric chair,
Metitur Oy, Jyvaskyla, Finland). For 20 of these we were able to match
controls with no progression in either MRI or JSW, with the same sex and
KLG, with a body height within 3cm and a BMI within 5kg/m2, and with
a WOMAC pain score within 5 (of 20) units. Public use MRI data (T1-
weighted spin echo sequence/0.E.1/3.E.1) and custom software were used
to determine the ACSAs and signal intensities of the quadriceps,
hamstrings, and adductors in an axial image located at 33% of the femoral
length (distal to proximal; location estimated based on body height). The
four quadriceps heads were analyzed in an axial image slice located at 30%
femoral length. Baseline and follow-up data were analyzed independently.
A paired t-test was used to compare measurements in progressors vs. non-
progressors.
Results: Cases with MRI and X-ray progression (age 63.17.8 y) and
controls without progression (age 65.810.0 y) consisted of 12 women and
8 men, respectively. Progressors did not show signiﬁcantly smaller base-
line total quadriceps, speciﬁc quadriceps heads, ﬂexor, or adductor ACSAs,






MeanSD MeanSD MeanSD MeanSD
Quadr. (cm2) 46.114 46.212 0.96 -3.99.7% -2.77.2% 0.68
VM (cm2) 17.94.8 17.14.0 0.46 -4.711% -3.112% 0.69
VL (cm2) 11.35.0 12.24.7 0.39 -3.516% -0.411% 0.45
VIM (cm2) 12.73.8 12.63.1 0.95 -1.19.2% -3.011% 0.50
RF (cm2) 1.40.8 1.81.3 0.21 6.445% -1.038% 0.64
Hamstr. (cm2) 33.29.5 30.17.8 0.07 -0.46.7% -3.06.8% 0.24
Adduct. (cm2) 10.86.6 9.64.9 0.39 -0.222% 0.131% 0.96
Ext. Str. (N) 34494 349129 0.83 -2.822% -9.927% 0.46
Flex. Str. (N) 13843 14065 0.87 -8.037% -1232% 0.80
Quadr. ¼ quadriceps muscle; VM ¼ Vastus Medialis; VL ¼ Vastus Lateralis; VIM ¼
Vastus Intermedius; RF ¼ Rectus Femoris; Hamstr. ¼ hamstring muscles; Adduct. ¼
adductor muscles; Ext. Str.¼ extensor strength; Flex. Str.¼ ﬂexor strength
